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This is a joint project of the University of Wasbion and the University of
California, Irvine (Pl S. Sorooshian). It is aimadutilizing NASA remote sensing data
and hydrologic and climate prediction models inatership with three operational
water management agencies — the Natural Resouroesefvation Service, which
provides seasonal streamflow forecasts over mosthefwest, the U.S. Bureau of
Reclamation, which has decision authority withie tlamath River basin (where there
have been ongoing and highly publicized conflicissrowater allocation), and the
California Department of Water Resources, which dession authority for much of the
Sacramento River basin. The project leverages illyedrom the University of
Washington’s west-wide hydrologic forecast system
(http://Iwww.hydro.washington.edu/forecast/westwid&)hile the primary focus of this
research is on water management, there are segohdaefits for the energy sector,
particularly hydropower. This report covers worlknducted the University of
Washington, and by U.C. Irvine (under contract ¥&/)J

The project consists of seven tasks as follows:

Task 1. Klamath River forecast system enhancements

The existing UW west-wide forecast system will #anced for application in the
Klamath R. basin. In particular, we will add foasts points of interest to USBR, and
will apply MODIS SCA updating that we have previgusested in the Snake River
basin. We will modify the current UW forecast €ystto a 1/16 degree grid resolution
(currently 1/8 degree), to capture smaller drainagas within the Upper Klamath River
area. We will migrate the forecast system so thatan be run at NWCC, with
performance monitored by both the UW team as welU&BR Klamath Basin Area
Office operational staff.
Status: The snow cover areal depletion curve (ISWE-SCA relationship) was
investigated for the Feather River basin. Figurehbws this curve during the snow melt
season of 2004 (March 1 to June 30). SWE data weeeaged from eight California
Cooperative Snow Surveys (CCSS) sites, mostlyeldgcathigher elevations. SCA data
were averaged over the entire basin from MODIS ¥i@ model output. Of note is the
relatively large (~300 mm) observed SWE when MOLUA& 8 near zero, indicative of
the thick snow that persists in higher elevatiansards the end of the snow melt season.
In contrast, VIC SCA is much larger at SWE valess than 500 mm, and remains at
about 8% even when SWE is zero. The analysis iredidghe potential to improve VIC
snow simulations, and streamflow forecasts, dutiggsnow melt season.
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Figure 1. Snow cover areal depletion curve for the Feather River basin during the
2004 snow melt season (March 1 to June 30). SWE data were averaged from 8 CCSS
sites. Basin averaged SCA were derived from MODI S and VIC data.

Task 2: Upper Klamath Lake net inflow calculation via remote sensing.

We will interact with USBR and NWCC to develop ppsbcessed forecasts from our
west-wide system that will represent Upper Klamzake net inflow (i.e., impairment to
reflect the effects of crop water use, reservompewvation and ungaged local runoff).
The primary alternatives to be explored include) aastatistical temperature index
method, and b) satellite-derived estimates of cvegter use and of lake surface
temperature, coupled with a VIC-based lake simotati The two satellite products will
be assimilated into the VIC nowcasts during the-sg period to each forecast date. The
results will be evaluated indirectly via compariseith derived UKL net inflows.

Status: The impacts of irrigation on Upper Klamdthke were assessed through a
combination of remote sensing and hydrologic modelechniques. ET estimates based
on remote sensing data were used to calculate miglaiion consumption for areas
within the Klamath River basin that are irrigatedthvwater from Upper Klamath Lake.
Irrigation consumption estimates were then useaanjunction with reservoir inflow
data to assess variations in lake water depths. thlgrmean water balance components
are shown in Figure 2, where;O(water withdrawn for irrigation purposes) is set t
equal the net irrigation consumption. The water doale simulations illustrate the
importance of irrigation withdrawals to lake stomagrolumes, particularly during the
high irrigation season of June to September.
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Figure 2: Simulated and observed monthly mean water balance terms at Upper
Klamath Lake from 2001 to 2005. Total surface inflows are represented by (I ws + I roff),
precipitation over the open water surfaceis Pjae, €vaporation over the open water
surfaceis E, e, Water withdrawn for irrigation purposesis O;, and outflow from the
lake to the Klamath River downstream is Oxgj;.

Task 3: Forecast system implementation/monitoring for Feather/Sac River basins
Implementation of the UW west-wide forecast systemthe Sacramento basin will
begin with the Feather R. before expanding to ottesins in the Sacramento basin.
UCI/UW team members will implement additional foast points used by DWR, and
increase the forecast system spatial resolutian, tio a finer grid scale) if necessary.
During the first two seasons of the project, theedasts will run in real-time (parallel to
DWR operations) at UCIl. Subsequently, modificadian the system required for
transition to the DWR environment will be made, asata assimilation algorithms
similar to those planned for the Klamath (Task il) be implemented.
Status: Improvements in snow simulations due to MOISCA updating were
investigated for the 1/16 degree VIC model in tleatRer River basin. Figure 3 shows
basinaveraged SCA and SWE before and after MODIS upglatir2004. At the end of
April, MODIS-derived SCA is about 5% of the basuhmjle VIC-derived SCA is about



15% of the basin. The substantial overestimationvt€ SCA, in turn, causes an
overestimation of VIC SWE - a result which is matézt by MODIS SCA updating.

ED 150
— VIC+MODIS (2004) — VIC+MODIS (2004)

W viG
™,

SCA (%)
%
a
SWE (mm)

AFPR MAY JUN JuL APR MAY JUN JuL

Figure 3: Basin-averaged SCA (left) and SWE (right), with and without MODI S SCA
updating, in the Feather River basin from April to July 2004.

Task 4: Forecast impairment in CADWR/SWP basins

This task is similar to Task 2. UCI will establish consultation with DWR, an
arrangement by which forecasted streamflows wilkdagted through the same decision
process currently used by DWR for its operationaétasts. Either DWR will route the
forecasts in parallel with their operational ones, UCI will obtain the necessary
algorithms to do so at UCI. UCI will also develapalogous methods applying to
forecast system products that are new to DWR.
Status: Both nowcast and forecast systems contonuen operationally at UCI's CHRS.

Task 5: Forecast communication (Klamath and Sacramento basins)

To facilitate NWCC, USBR, and DWR review of foretas/stem performance,
UWI/UCI project team members will prepare summaryegplanatory reports for (a)
regular, real-time forecast updates, and (b) angrages or major changes to the
experimental forecasting system, and will host ewarice calls to interpret the results
during the course of the forecast season (probablkly during the period March 1 —
June 1, and less frequently at other times). Thes&rence calls and associated reports
will be made available via the web. In additioaridg the off-season, UW and UCI will
host one-day workshops at USBR’s Klamath Fallsceffand DWR’s Sacramento office,
to evaluate forecast system performance, and tlasniey which forecasts were used in
the decision process in the previous season.

Status: Work has continued on the application ofDI®SCA data to DWR'’s regression-
based forecasts in 14 California watersheds.

Task 6: Retrospective assessment (Klamath and Sacramento)

We will undertake a retrospective assessment efctst system performance in both
study areas to serve as the basis for evaluatidmaodification of the forecast system.
To the extent possible given the limited periodexdord of remote sensing data sources
such as MODIS, we will perform retrospective forgsamade in a manner consistent
with real-time operation, and evaluate changesiedast skill due to incorporation of
remote sensing data, and ensemble climate forecaats will present results of the
retrospective evaluation at one or more of then@aone-day workshops (Task 5).
Status: Work has begun on a satellite-based ETymoldr the Yakima River basin, WA.



Task 7: Transition to operations

In Year 3, before the final forecasting season, U®G//research team members will
meet with NWCC, USCR, and DWR operational staffptan permanent migration of
those forecast elements that have performed the ib&s operations. As the final
forecast season progresses, the UW/UCI team memblerisain operational staff and
prepare documentation manuals that will enable NV&@E€ DWR to operate the forecast
system independently. Team members will make #&egurips to Portland and
Sacramento during that period to troubleshoot atdtess any complications stemming
from migrating the forecast system from the redearenter to the operational center,
until the conclusion of the project.
Status: Work has not yet commenced on this task.



